Background An increasing body of literature is exploring whether the age of the recipient of health care should be a criterion in how health care resources are allocated. The existing literature is constrained both by the relatively small number of age comparison groups within preferenceelicitation studies, and by a paucity of methodological robustness tests for order and framing effects and the reliability and transitivity of preferences that would strengthen confidence in the results. This paper reports the results of a study aimed at estimating granulated agerelated weights for health gains across the age spectrum that can potentially inform health care decision-making.
Introduction
Economic evaluation has increasingly been used to inform the health care decision-making processes of government agencies throughout the industrialized world [1] [2] [3] . Decision-makers commonly seek to maximize health benefits, given constrained health care resources. A dominant maximand proposed for health economic evaluation remains the quality-adjusted life year (QALY), a preference-based measure of health outcome that combines length of life and health-related quality of life in a single metric [4] . In economic evaluation, the incremental costeffectiveness of a health intervention or programme is commonly compared with a cost-effectiveness thresholda pre-determined value-for-money benchmark for the unit of health gain of interest (e.g. a QALY gain). A health intervention or programme with an incremental costeffectiveness ratio (ICER) that falls below the threshold is deemed by decision-makers to offer good value for money and is generally recommended on cost-effectiveness grounds. In contrast, a health intervention or programme with an ICER that falls above the threshold is deemed by decision-makers not to offer good value for money and is generally rejected on cost-effectiveness grounds. In England and Wales, the National Institute for Health and Care Excellence (NICE) applies a threshold of £20,000-30,000 per QALY gained [5, 6] . In other European countries, there are few public statements about value-for-money benchmarks for an additional QALY, although these might rest between $10,000 and $50,000 [7] . In the USA, the threshold has been claimed to rest at $50,000 per QALY gained, although the scientific basis for this threshold appears to be nebulous, with no evidence of its consistent use as a tool for informing the regulatory and reimbursement decisions of federal programmes [8] . Moreover, the bases for these thresholds largely remain unclear, or at least under-specified, particularly with regard to how they might reflect shadow prices of budget constraints consistent with the health-maximization principle [9] .
A methodological concern in the health economics literature, which has gained real policy traction, surrounds whether the health gain of interest (e.g. a QALY gain) should be given equal value in health care decision-making across different population groups. Decision-making bodies have commonly returned to the position that an additional unit of health should be of equal value regardless of the socio-demographic characteristics of the recipients or their pre-or post-treatment levels of health. Nevertheless, many decision-makers take the characteristics of the beneficiaries of interventions into account, at least in their deliberations [6] . Indeed, research studies have been funded with the explicit remit of identifying relative weights that might be attached to health gains derived by different beneficiaries in the event of policy makers' support for differential weighting [10, 11] . Empirical evidence in the literature suggests that some people may be willing to give greater priority to certain population groups in health care decision-making-such as those in the poorest health states [12] , those with more urgent conditions [13] , those from lower social classes [14] and those with dependents [15] and less priority to those deemed responsible for their illhealth [16] . Overviews of the empirical evidence on relative weights that might be attached to health gains derived by different beneficiaries can be found elsewhere [10, 11] .
In this context, an increasing body of literature is exploring whether the age of the recipient of health care might be considered a relevant criterion in how health care resources are allocated. A number of revealed-preference studies suggest that the value that individuals place on reducing health risks or achieving health gains may be higher for children than for adults [17] [18] [19] [20] . However, many of the values estimated in the revealed-preference literature are based on choices made by parents on the part of their families and consequently are likely to be driven by the effects of self-interest [21] . Perhaps more pertinent evidence is provided by stated-preference studies that ask study participants to act as the social decision-maker motivated by some notion of what is good for the society of which they are part. A number of stated-preference studies have focussed on potential age-related weights for health gains that might be applied within an economic evaluation framework [22] [23] [24] [25] [26] [27] [28] [29] [30] . This literature is constrained both by the relatively small number of age comparison groups within studies-with the number of ages assessed varying between two [29] and five [23, [26] [27] [28] -and by a paucity of methodological robustness tests for order and framing effects and the reliability and transitivity of preferences that would strengthen confidence in the results. Furthermore, few attempts have been made to disentangle different forms of ageism within individuals' preference structures; for example, 'health-maximization ageism' [28] or 'utilitarian ageism' [31] , where preference is given to the treatment of younger patients simply because they are expected to live longer after treatment; 'productivity ageism' [28] , where preferences are determined by the recipients' productivity potential; or 'fair-innings ageism' [28] (or 'egalitarian ageism' [31] ), where preferences are driven by an aversion to inequality in the age of death.
This paper builds on the current literature by presenting the results of a person trade-off study that calculated agerelated weights for health gains across the entire lifespan at a more granulated level than has hitherto been achieved. In the process, it addresses a number of methodological issues surrounding the use of the person trade-off approach in this context.
Methods

Sample and Data Collection
We recruited a sample of 2,500 participants from the health care consumer panels of a social research company (Synovate Healthcare) during February and March 2011. Members of the health care consumer panels received individualized e-mails inviting them to participate in an internet survey. Individuals who responded positively to the initial invitation subsequently received an on-line link to the survey, which they were asked to complete. The survey had been developed according to good practice principles for on-line research [32] , and subsequently piloted amongst a convenience sample of staff and students at the University of Warwick. Straightforward, unambiguous, non-open-ended questions, without requirement for free text entry, were used throughout the survey. The study sample was restricted to residents of the UK, aged at least 18 years. Each participant was compensated to the value of £3 for their time.
Research Design
The research design built upon the methods of the UK SVQ (Social Value of a QALY) study [10] , which included a person trade-off study (or 'matching' study based on nomenclature in the transport literature) aimed at estimating the relative weights to be attached to health gains according to characteristics of recipients of those gains. The main distinguishing design features between the person trade-off component of the UK SVQ study and our study were that (1) health gains in the former were delineated in terms of QALYs (expressed in terms of age, severity levels and QALY components) whereas health gains in our study were delineated in terms of life years gained; and (2) the age-related beneficiaries of health gains in the former were grouped into four broad age groups (0-20 years, 20-40 years, 40-60 years, 60-80 years), whereas in our study they were described at a more granulated level across the age spectrum.
In our study, different stages in the life cycle were represented in two principal ways: first, by 19 ages that increased incrementally by 5 years between birth and 90 years of age (newborn, 5 years, 10 years, 15 years, 20 years … 90 years); and, second, by 10 ages that increased incrementally by 10 years between birth and 90 years of age (newborn, 10 years, 20 years, 30 years … 90 years). The former generated an age matrix of 171 possible age comparisons (age matrix 1; e.g. 5 vs 35 years, 20 vs 65 years), while the latter generated an age matrix of 45 possible age comparisons (age matrix 2; e.g. 10 vs 30 years, 10 vs 70 years). It was considered that a further granulation of the life cycle into yearly intervals would not have generated additional meaningful information. Study participants were asked to imagine themselves as the social decision-maker for a resource-constrained health system. They were each asked to complete eight person trade-off questions that considered pairs of health programmes (A and B) that targeted different age groups. For each person trade-off question, they were initially asked to choose one of two programmes targeted at different age groups of equal size, assuming that (1) the programmes would extend the lives of recipients for a fixed period in full health, after which they would die; (2) the programmes were of equal cost; and (3) resources were available to fund only one programme. In keeping with the methods of the UK SVQ study [10] , the initial choice between the two programmes was forced; one of the two programmes had to be selected. Participants were subsequently asked to indicate how many people would have to be treated by the programme targeted at their more preferred age group (relative to a fixed number of people treated by the programme targeted at their less preferred age group) for the two programmes to be of equal social value. A 'ping-pong' method that oscillated up and down the scale was used to converge on an indifference point between the more preferred and less preferred age groups. The values of the upper and lower ends in each of the pingpong iterations mirrored those adopted by the person tradeoff component of the UK SVQ study [10] , with a maximum of six iterations being possible within each person trade-off question. Previous research indicates that the 'ping-pong' method may be less prone to anchor-point bias than the alternative titration variant where the values of one option are steadily varied in the same direction [33] . For each study participant, six of the person trade-off questions were selected at random, using computer-generated random numbers from age matrix 1; the fixed period of health gain assumed for these questions was an extra 5 years of life. A further two person trade-off questions were selected at random, using computer-generated random numbers from age matrix 2; the fixed period of health gain assumed for these questions was an extra 10 years of life. An illustrative example of a person trade-off question is provided in OnLine Appendix I.
As a warm-up to the person trade-off questions, study participants were also asked to rank 10 hypothetical age groups (newborn, 10 years, 20 years, 30 years … 90 -years) in the order in which they would choose to give an extra 5 years of life. In addition, study participants described their own health status at the point of completion of the survey, using the EuroQol EQ-5D measure [34] and the categorical self-reported health status (very good, good, fair, bad, very bad) and long-standing illness (yes, no) measures routinely incorporated into the annual Health Survey for England. Socio-demographic data provided by the study participants included their age, gender, marital status, ethnicity, employment status, annual income, education status, area of residence and whether they had children (and, if so, how many).
The survey questions were ordered as follows: sociodemographic measures, self-reported health measures, ranking exercises and, finally, person trade-off questions.
Methodological Considerations Within Research Design
The use of the person trade-off technique as a preferenceelicitation tool for informing health care resource allocation raises a number of methodological issues. We addressed two of these methodological issues in our study. First, the referent number of individuals included in the initial iteration of each person trade-off question may influence responses, i.e. respondents may be concerned about the absolute difference between the numbers of individuals in each age group as well as the relative difference between them. Previous studies have framed person trade-off questions with a referent number of individuals ranging from 1 [35] to 1,000 [36] . In order to assess whether our estimated age-related weights for health gains were influenced by the framing of the person tradeoff questions, the referent number of individuals in each age group was set at 100 for one half of the study participants (n = 1,250) and at 1,000 for the other half of the study participants (n = 1,250). Study participants were randomly allocated to alternative referents, using computer-generated random numbers. Second, little evidence currently exists on whether the person trade-off technique generates stable responses, given unchanged preferences, over time [37] [38] [39] . If the technique is to be promoted as an operational tool that can inform health care resource allocation, evidence is required on its test-retest reliability. In order to assess the stability of the preferences of our study sample, all study participants were asked upon completion of the first survey whether they would complete a second (retest) survey. The first 500 individuals (equivalent to one fifth of the sample) who responded positively to this request were asked to complete identical questions, in the same order and using the same on-line format, approximately 1 week after the first survey. These individuals did not have recourse to their previous responses. Each participant was compensated to the value of a further £3 for their input into the retest survey.
Data Analysis
A detailed statistical analysis plan was followed. The socio-demographic and health characteristics of the entire study sample and the sample who participated in the testretest reliability exercise were summarized using descriptive statistics. The results of the ranking exercise were presented in terms of the number and proportion of study participants who gave a particular rank to each of the 10 hypothetical age groups (newborn, 10 years, 20 years, 30 years … 90 years). Aggregate rankings were summarized as Borda scores whereby the first-through tenthranked ages were given scores of 10 through 1, and the scores were summed across the respondents for each age group [28, 40] . The age group with the highest total Borda score was ranked first, the age group with the second highest total Borda score was ranked second, and so forth. In order to assess whether the results of the ranking exercise were influenced by the age and parental status of the study participants, total Borda scores were also calculated for three age sub-groups of study participants: those aged \40 years (n = 1,367), those aged 40-49 years (n = 791) and those aged C60 years (n = 342); and for two parental status sub-groups of study participants: parents (n = 1,152) and non-parents (n = 1,348).
There is no single preferred measure for aggregating person trade-off ratios across individuals. Taking the arithmetic mean of individual ratios suffers from an asymmetric property and produces inconsistent results [10] . Following the methodology of the UK SVQ study, we adopted two methods for aggregating person trade-off responses for each age comparison across study participants [10] . First, we adopted the ratio of means method whereby, at an individual level, the preferred age group was assigned a value of 1 and the less preferred age group was assigned a value equal to the number of people in the preferred age group divided by the number of people in the less preferred age group. Means of values for each age group were estimated across study participants, and the ratio of those means was calculated. Second, we adopted the median of individual ratios method whereby we estimated a ratio for each study participant and, subsequently, we estimated the median value across study participants. See On-Line Appendix II for worked examples of the ratio of means method and the median of individual ratios method, and illustrations of their respective symmetrical properties. Both methods were used to estimate relative age weights for 5-year life extensions for all age comparisons delineated by age matrix 1 and for 10-year life extensions for all age comparisons delineated by age matrix 2.
We used an F test to test for constancy in the relative social value of life extensions for different ages. We also tested for consistency of values via chaining tests performed on 20 random non-adjacent pairings covered by both age matrices; consistency requires that the value (v) placed on life extensions covered by consecutive sets of adjacent pairings should be consistent with values placed on life extensions covered by non-adjacent pairings, such that V avb 9 V bvc = V avc (where, in this context, a, b and c represent alternative ages within the age matrices).
In 40 random age comparisons (20 drawn from age matrix 1 and 20 drawn from age matrix 2), the Student's t test procedure was used to compare relative weights for health gains by the referent number of individuals in the person trade-off questions (100 vs 1,000). Similarly, in 20 random age comparisons, the Student's t test procedure (assuming unequal variance) was used to test individuallevel mean ratio differences by period of life extension (5 vs 10 years). The latter analyses were restricted to individuals for whom both 5-and 10-year life extension person trade-off questions were answered for each random age comparison.
For the 500 study participants who undertook the second (retest) survey, the test-retest reliability of person trade-off responses was assessed by calculating the intra-class correlation coefficient (ICC) [41] . ICC values of between 0 and 0.2 are considered to represent poor agreement, between 0.3 and 0.4 fair agreement, between 0.5 and 0.6 moderate agreement, between 0.7 and 0.8 strong agreement, and[0.8 excellent agreement [42] . Separate analyses were conducted for all 500 study participants, 250 participants for whom the referent number of individuals in the person trade-off questions was 100, and 250 participants for whom the referent number was 1,000. The F test was used to test the null hypothesis that the sample ICC is 0.
All analyses were performed using Stata Statistical Software Release 11 (StataCorp LP, College Station, TX, USA). Differences were considered statistically significant if p values were less than 0.05.
Results
Study Sample
The survey took an average of 21 min to complete (median duration 15 min). The baseline characteristics of the study participants are described in Table 1 . The mean [standard deviation (SD)] age of the study sample was 40.5 (14.3) years. The majority of the sample was female (69.0 %), was married (51.2 %), was of white ethnic origin (92.1 %), was in paid employment or self-employed (63.0 %) and had a highest educational qualification below degree or Higher National Certificate (HNC) or Higher National Diploma (HND) level (60.7 %). The mean EQ-5D utility score for the study participants, generated by applying the York A1 tariff to each set of responses to the EQ-5D descriptive system [43] , was 0.796 (SD 0.286). The numbers of study participants who described their own health as very good, good, fair, bad or very bad were 567 (22.7 %), 1,260 (50.4 %), 562 (22.5 %), 101 (4.0 %) and 10 (0.4 %), respectively, while the number of study participants who reported a long-standing illness was 911 (36.4 %). Table 2 shows how the study participants ranked the 10 hypothetical age groups in the ranking exercise. Over half (54.4 %) of the study sample ranked newborns first in the order in which they chose to give an extra 5 years of life. Broadly speaking, first placed rankings decreased monotonically with increasing age of the recipient of the programme, although a higher proportion of study participants gave a first ranking to 90-year-olds compared with 80-yearolds (1.9 vs 0.4 %). The total Borda score was higher for 10-year-olds than for newborns (20,079 vs 19,277) but decreased monotonically thereafter with increasing age of the recipient, declining to 5,592 for 90-year-olds. The same pattern for the total Borda scores was observed when the study sample was divided into three sub-groups that differed by the age of the study participants and into two subgroups that differed by the parental status of the study participants (Fig. 1 ). Table 3 summarizes the person trade-off generated relative age weights for 5-year life extensions for each of the 171 possible age comparisons covered by age matrix 1. The unparenthesized number in each data cell (signifying the relative weight attached to a life extension for individuals of the age described by the row heading relative to individuals of the age described by the column heading) exceeded 1 in 155 age comparisons (90.6 %) for the ratio of means method (the values in the upper half of each data cell) and in 158 age comparisons (92.4 %) for the median of individual ratios method (the values in the lower half of each data cell); for these age comparisons, a preference was given to life extensions by the younger age group. A general (although not invariable) pattern of increasing magnitude of the unparenthesized numbers as one progresses towards the right-hand side of the age grid can be observed. This suggests that the relative weight placed on life extensions by the younger of two age groups generally increases as the age difference between the age groups increases.
Ranking Exercises
Person Trade-Off Exercises
The person trade-off generated relative age weights for 10-year life extensions for each of the 45 possible age comparisons covered by age matrix 2 are summarized in Table 4 . As with the relative age weights for 5-year life extensions, a general pattern of preference given to life extensions by the younger of the two age groups in each age comparison emerged; this was the case in 39 age comparisons (86.7 %) for the ratio of means method and in 40 age comparisons (88.9 %) for the median of individual ratios method. Moreover, a general pattern of increasing relative weights placed on 10-year life extensions by the younger of the two age groups as the age difference between the age groups increased also emerged. GCSE General Certificate of Secondary Education, HNC Higher National Certificate, HND Higher National Diploma, SD standard deviation a Estimated using the York A1 tariff set [43] The F test rejected the assumption of constancy in the relative social value of life extensions for different ages (p [ 0.05). For the ratio of means method, 30 years of age was set as the referent in Table 5 (On-Line Appendix III) for both 5-and 10-year life extensions, as it emerged with the highest mean relative age weight across age comparisons in both age matrices- Table 3 , where there were 18 possible age comparisons for each age group, and Table 4 , where there were 9 possible age comparisons for each age group. Relative weights for life extensions by other age groups can be inferred in this summary table. For example, using the ratio of means methods, a weight of 0.91 can be inferred for 5-year life extensions by 15-year-olds relative to the referent. For the median of individual ratios method, 10 years of age was set as the referent for 5-year life extensions, as it emerged with the highest mean relative age weight across age comparisons in Table 3 ; while for 10-year life extensions, 30 years of age was set as the referent, as it emerged with the highest mean relative age weight across age comparisons in Table 4 .
Methodological Tests
The results of the chaining tests performed on 20 random non-adjacent pairings across age matrices 1 and 2 revealed that in 14 cases, the values implied by chaining were more extreme than those derived directly (On-Line Appendix IV). However, in 12 of the 20 chaining tests performed, the values implied by chaining fell within 10 % of those derived directly. In all 40 random age comparisons, the Student's t test procedure revealed no significant differences in relative weights for health gains by the referent number of individuals in the person trade-off questions (100 vs 1,000) (On-Line Appendix V). Table 6 summarizes the individual-level mean ratio differences by the period of life extension (5 vs 10 years) for those individuals who answered both 5-and 10-year life extension person trade-off questions for the same age groups. No significant differences were observed in 18 of the 20 random age comparisons.
The baseline characteristics of the 500 study participants who undertook the second (retest) survey broadly reflected those of the larger sample. The retest survey took an average of 14 min to complete (median duration 15 min). The results of the test-retest reliability exercises are summarized in Table 7 . The results are further stratified into two sub-groups; the first for whom the referent number of individuals in each age group was set at 100 (n = 250) and the second for whom it was set at 1,000 (n = 250). For each group, the mean relative weight generated by each ordered person trade-off question increased in value between the test and retest. For subjects with a referent of 100 individuals, the ICCs revealed strong agreement For subjects with a referent of 1,000 individuals, the ICCs revealed strong agreement for four of the eight person trade-off questions, and excellent agreement for the remaining four. For all test-retest analyses, the F test rejected the null hypothesis that the sample ICC is 0 (p \ 0.001).
Discussion
In this paper, we report the results of a person trade-off (or 'matching') study aimed at estimating granulated agerelated weights for health gains across the age spectrum that can potentially inform health care decision-making. The results revealed a general, although not invariable, tendency to give more weight to health gains, expressed in terms of life extensions, in younger age groups. In over 85 % of age comparisons, the person trade-off exercises revealed a preference for life extensions by the younger of the two age groups that were compared. This pattern held regardless of the method of aggregating responses across study participants. Moreover, the relative weight placed on life extensions by the younger of the two age groups was generally, although not invariably, found to increase as the age difference between the comparator age groups increased. Further analyses revealed that the highest mean relative weight placed on life extensions was estimated for 30-year-olds when the ratio of means method was used to aggregate responses across study participants. The highest The unparenthesized numbers in each data cell report the relative weights for life extension by age group described by the row heading, while the parenthesized numbers report the relative weights for life extension by age group described by the column heading; e.g. when comparing 20-year-olds with 40-year-olds using the ratio of means method, the relative weight for 5-year life extensions for 20-year-olds is 1.10, while the relative weight for 5-year life extensions for 40-year-olds is 0.91 d 0 years denotes newborns mean relative weight placed on life extensions was estimated for 10-year-olds for 5-year life extensions and for 30-year-olds for 10-year life extensions, when the median of individual ratios method was used to aggregate responses across study participants.
Comparisons of our results with those of other studies are constrained by a number of factors, including considerable diversity of methods across studies, such as the preference-elicitation technique, differences in the age profiles of the recipients of health gain, differences in the framing of health gains, and differences in the characteristics of study participants. Revealed-preference studies have estimated monetary valuations for the life-saving benefits of interventions, policies and regulations based on individuals' real-world choices between alternatives that differ in mortality risk and monetary consequences. A number of these revealed-preference studies suggest that the value individuals place on reducing health risks or achieving health gains, often expressed in terms of a monetary value of statistical life, is higher for children than for adults [17] [18] [19] [20] . In all of these studies, values were only derived for between two and four age groups, each delineated in broad terms. Moreover, separating out altruistic preferences for the health of one's own children or family members is problematic for many of these revealed-preference studies.
Perhaps evidence more pertinent to our research question is provided by other stated-preference studies that asked participants who were faced with a resource-constrained health system to take on the role of citizens rather than consumers. The studies varied considerably in their stated-preference-elicitation technique, the age profiles of the recipients of health gain, the framing of health gains, and the size and composition of study samples, which limits comparisons between studies. Notably, the number of ages that were assessed varied between two [29] and five [23, [26] [27] [28] . In 9 of 14 studies, preference was generally expressed for health gains by the youngest age group that was assessed [22, 24, 27-31, 44, 45] ; in the remaining five studies [10, 23, 25, 26, 46] , preference was generally expressed for health gains by the second youngest age group that was assessed. It should be noted, however, that the results of these stated-preference studies generally contrast with the deliberations of NICE's Citizen's Council, which considered that age should not be a criterion in how health care resources are allocated [47] .
Our study was designed to address methodological concerns raised by the use of the person trade-off technique as a preference-elicitation tool. In the first survey of the full study sample, computer-generated random numbers were The values in bold represent the age groups with the highest mean relative age weight across age comparisons a For the ratio of means method for 5-and 10-year life extensions, 30 years of age was set as the referent, as it emerged with the highest mean relative age weight across age comparisons in Tables 3 and 4 b For the median of individual ratios method for 5-year life extensions, 10 years of age was set as the referent, as it emerged with the highest mean relative age weight across age comparisons in Table 3 ; while for 10-year life extensions, 30 years of age was set as the referent, as it emerged with the highest implied relative age weight across age comparisons in Table 4 Age (years) used to determine the order of person trade-off questions, thereby minimizing the role of order effects in the preference elicitations [48] . Study participants were also randomly allocated to alternative referent numbers of individuals, using computer-generated random numbers in order to account for possible framing effects. Adoption of alternative referents in the person trade-off questions had no discernible effects on the study results. Moreover, tests of the reliability of preferences revealed either strong or excellent agreement between values at the test and retest in a large study sub-sample. The results of the methodological tests that were performed generate confidence in the results of the person trade-off exercises. Nevertheless, it should be noted that other methodological tests, such as tests of cardinal transitivity [36] , remained outside the scope of our study.
A number of factors, over and above those common to stated-preference studies that ask hypothetical questions, need to be considered when interpreting our results. First, we cannot claim that our study sample is representative of the population of the UK. Our study sample was, for example, predominantly female and reported a lower mean EQ-5D utility score and a higher rate of long-standing illness than those reported in the Health Survey for England-the annual cross-sectional national survey commissioned by the Department of Health with a view to monitoring trends in the English population's health. Nevertheless, our study sample was broadly distributed across a range of socio-demographic, geographic and health variables, and this is, to our knowledge, the largest preference-elicitation study aimed at estimating age-related weights for health gains. Second, the study sample did not include any children, primarily because it was restricted to the membership of the health care consumer panels of the recruiting social research company. One viewpoint is that society does not generally view children as autonomous legal, social and economic agents and, consequently, it judges the values of children to be of limited relevance to social decision-making. Our own viewpoint is that there is scope for incorporating the values of children with the necessary cognitive competencies into social decisionmaking deliberations in this area. Third, the measure of health gain for which we derived age-related weights was expressed in terms of years of life in full health. A valid concern that is that survey respondents could have interpreted the concept of full health differently for different stages of the age spectrum. Moreover, measuring health gains in terms of QALYs would arguably have been more informative to decision-makers. Nevertheless, our pilot research had demonstrated that disaggregating health gains in terms of life extensions and health-related quality-of-life improvements would have been cognitively challenging given the on-line format of the survey. Fourth, by setting the duration of health gain in the person trade-off questions at either 5 or 10 years, we controlled for 'health-maximization ageism' [28] or 'utilitarian ageism' [31] -the preference for treatment of younger patients simply because they are expected to live longer after treatment. However, we are unable to assess whether the general preference for health gains for younger age groups over older age groups was primarily driven by 'productivity ageism' [28] , where preferences are determined by the recipients' productivity potential, or 'fair-innings ageism' [28] (or 'egalitarian ageism' [31] ), where preferences are driven by an aversion to inequality in the age of death. Disentangling these factors, and indeed other factors, within the preference structures of the study participants would have required detailed qualitative research. Fifth, although our study was based on a large sample of 2,500 participants, the relatively small numbers of observations for each age comparison within age matrix 1 (e.g. 5 vs 35 years, 20 vs 65 years) and age matrix 2 (e.g. 10 vs 30 years, 10 vs 70 years) limited the potential for regression analyses of the study data. In On-Line Appendix VI, we present the results of logistic regression analyses for 10 random age comparisons. The probability of choosing the programme that saves lives among the older individuals was estimated in each logistic regression. The explanatory variables included the number of lives saved among younger individuals, the age of the lives of older individuals saved (entered as a dummy variable), and the age and sex of the respondent. A negative coefficient on the number of lives saved among younger individuals indicates that the programme that saves lives among older individuals is less attractive [44] . The sample sizes for each logistic regression numbered less than 100, but we present this appendix as an exemplar of how data of our type might be further analysed in larger studies.
Conclusion
This study has produced new evidence that should inform deliberations on whether health gains should be weighted according to age in health care decision-making. At this stage, we consider it important that the results should be treated with caution and subject to re-testing. In addition, future research should extend these analyses by estimating distributional weights for health gains according to combinations of characteristics of potential relevance to decision-makers-for example, age in combination with gender.
